In buildings, occupant behaviour is recognised as a major contributing factor to energy demand and in particular to heating consumption. To achieve thermal comfort within the heating season, people report to use heat in very different ways; for example behaviours include switching on the heating system, putting on warm clothes, drawing curtains, changing rooms, making a hot drink and using a hot water bottle. While research has focused on subjective accounts using interviews, diaries and questionnaires, little is known about the frequency and probability of these behaviours. Using a mixed-method approach, this paper reports on the results of a field study in dwellings using wearable and environmental sensors. The analysis investigates the probability of these behavioural responses as a function of seven independent variables; (1) external and (2) internal monitored temperature, (3) probability of heating being on or off, (4) time of the week, (5) time of the day, (6) the three categories of the predictive thermal comfort model, and (7) the three categories of the adaptive thermal comfort model. Results show that participants were more likely to increase their clothing and activity level as internal temperature decreased, although there was no significant change in activity level throughout the course of a day. Methodologically, this paper demonstrates the effectiveness of different statistical tools in analysing occupants' behaviours. Substantively, this paper emphasises the need for future research to gather objective data on what people do.
Introduction
of the explanatory factor of building performance gap [5] . Behavioural adaptive 10 strategies may manifest as intentional actions or habits. At home it is assumed 11 that people have access to diverse coping strategies, including adjusting the out-12 put of the heating system, shielding from draught, changing location within the 13 home, increasing activity level, wearing more clothes, having a warm drink or 14 food, and implementing localised behaviour adaptation strategies (e.g. hot wa- The recent study by Burris, et al. [11] was aiming to gain an understanding of 18 how and why occupants create comfort at home. Here 'comfort' touches many about the probability of actual behaviours.
34
As these studies are focusing on reported accounts, they have employed 35 qualitative research methods such as questionnaires, interviews, focus groups 36 and pen-and-paper diary. In contrast, actual behaviours may be uncovered 37 using ethnographic methods such as observations and automated diaries. The 38 observation of occupants may be carried-out directly by the researcher; however 39 there is a strong risk of observer-bias as the occupants may alter their behaviour 40 to 'please' the researcher [12] . Observation can also be carried-out using a piece 41 of equipment such as a wearable logger or audio recording equipment. This 42 method is often employed in behavioural medicine [12] . A portable camera may 43 record pictures when triggered by changes in movement, temperature and light 44 intensity [13] . The output will be time-stamped, and therefore duration and 45 frequency of particular behaviour can be estimated. The analysis will then be 46 able to report on the probability of behaviours as function of specific predictors.
47
For these reasons, automated visual diaries were applied in the empirical study 48 reported in this paper. heating to dry clothes rather than keeping warm [14] . Social pressure may also 54 play a role, for example older people may turn-on their heating system when 55 inviting guest at weekend [15] . These behavioural adaptations may be car-56 ried out consciously or unconsciously by the occupants [7] . Adaptive behaviour 57 and practices may be influenced by external environmental conditions, socio-58 economical constraints, other occupants and the physical context, including the 59 level of control an occupant has over the surrounding environment [7] . To ad-60 3 dress some of these influencing factors, this study will focus on seven predictors.
61
These may be grouped into two strands, described as follows:
62
• Predictors that may relates to the adaptive approaches [ 
68
The aim of this study is to investigate the probability of behavioural re-69 sponses to cold thermal discomfort. The paper is organised as follows. The 70 applied data collection, processing and analysis methods are described in Sec-71 tion 2. In Section 3, results of the field study are described, and then discussed 
Methods

75
To investigate the probability of behavioural responses to cold thermal dis-76 comfort, this study introduces a mixed-method framework drawn from psycho- 
164
• Subjective and qualitative data from the semi-structured interviews;
165
• Subjective and quantitative data from the questionnaires;
166
• Objective and qualitative data from the visual diaries;
167
• Objective and quantitative data from the various monitoring sensors (tem-168 perature, relative humidity, air velocity, light intensity, and 3-axis accel-169 eration). 
Data processing
171
These diverse types of data required different analysis methods, ranging from 172 content analysis and image processing, to descriptive and inferential statistics.
173
This paper is focusing the analysis of the objective data as described above; week (t week⊕weekend ), (5) 
Results
233
The results of the field study are reviewed in the following two sections. First 234 the frequency of the observed responses from the visual diaries will be analysed,
235
then the monitoring results of participants' clothing and activity levels will be 236 investigated. 
Observed responses 238
The first part of this analysis uses binary logistic regression with the observed 239 behaviours (clothing, activity, and food&drink ) as categorial outcome variables.
240
This regression analysis is applied to two predictors, (T ext ) and (T int ). 
241
292
• There was no significant association between being within or outside of the 293 three PMV categories and whether or not observed behaviours occurred,
294
with the exception of (C P M V III) and (activity) (χ 2 (1)=5.03, p<0.05).
295
This seems to represent the fact that, based on the odd ratio, the odds of 
300
• There is no significant association between being within or outside of the 301 three adaptive model categories and whether or not observed behaviours 302 occurred.
303
In summary, participants were more likely to change (activity) when there Significance level set at 0.05.
Monitored clothing insulation and activity level 308
To follow the analysis of observed behaviours from the visual diary, the 
316
The first part of this analysis considers (I cl ) and (M ) as non-normally dis-317 tributed outcome variables and investigates their relationships with (T ext ) and
318
(T int ) using regression. In order to obtain a normally distributed sample for 319 (T ext ) and (T int ), there is two options to transform or to 'bootstrap' the data.
320
As the sample size is very large (>15,000), the study first identified and re-321 moved outliers for (I cl ) and (M ) using z-score (significance level set at 0.05),
322
and then transformed the data using square-rooting. This transformation was 323 used as the size of the residuals progressively increased as values of (T ext ) and
324
(T int ) increased. Further tests were undertook to review any fixed effect. It 325 was found that participants had a significant effect on (T ext ) and (T int ), as 326 the variations of (T ext ) and (T int ) between different participants were smaller 327 than the variation within each participants. Post-hoc analysis using F-Test 328 compared regression models with and without participants' fixed effect, results
329
show that the fixed effect models were better choices (p<0.05). The results of 330 the regression analysis with participants' fixed effect are summariesed in Table   331 5. Results summarised in Table 5 show that (T ext ) and (T int ) are both signif-333 icant predictors of (I cl ) and of (M ). As the coefficients are very small, a degree 334 change in (T ext ) and (T int ) would have a small impact upon (I cl ) and of (M ). The second a part of the analysis investigates the variations of (I cl ) and (M ) to wear higher clothing level during 'week day' than during 'weekend day'.
332
387
With regards to activity level, participants were likely to be active when (T int ) 388 decreased, when heating was on, and during 'week day'. Finally participants 389 activity level was significantly higher while within PMV and ADP categories.
390
This suggest that participants increased there activity level to fall within the 391 comfort boundaries, thus 'activity level' may be identified as a response to 392 thermal discomfort. To remain comfortable, participants retain higher activity and clothing levels.
470
The methods employed in this paper enabled people's behaviours to be explored 
